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Abstract: The enantioselective direct Mannich-type reaction of
ketimines with a-isocyanoacetates has been developed. Excel-
lent yields and enantioselectivity were observed for the reaction
of various ketimines and a-isocyanoacetates using cinchona
alkaloid/Cu(OTf)2 and a base. Both enantiomers of the
products could be obtained by using pseudoenantiomeric
chiral catalysts. This process offers an efficient route for the
synthesis of a,b-diamino acids.

Optically active a,b-diamino acids are key intermediates for
the synthesis of biologically active compounds.[1] Their
synthetic importance has prompted considerable interest to
develop asymmetric syntheses for a,b-diamino acids.[2] One of
the most efficient methods for the synthesis of optically active
a,b-diamino acids would be the direct asymmetric Mannich-
type reaction of a-amino acid equivalents.[3] Specifically, a-
isocyanoacetates are attractive compounds as a-amino acid
equivalents, as the reaction of a-isocyanoacetates with imines
affords imidazoline derivatives[4–6] which can be readily
hydrolyzed into chiral a,b-diamino acids. Although excellent
methodologies have been developed for the asymmetric
reaction of a-isocyanoacetates with various electrophiles such
as aldimines,[7] carbonyl compounds,[8] azo compounds,[9] a,b-
unsaturated carbonyl compounds,[10] and nitroolefins,[11] there
has been no report on the enantioselective reaction with
ketimines, probably because of their low reactivity and the
difficulty in enantiofacial control.[12] Matsunaga, Shibasaki
et al. reported the stereodivergent direct asymmetric Man-
nich-type reaction of a-isothiocyanato esters with ketimines
to give cyclic thioureas, which were converted into chiral
imidazoline compounds with high enantioselectivity.[13]

During the preparation of this manuscript, Ort�n and Dixon
reported the anti-selective enantioselective reaction of a-

isocyanoacetates with ketimines using 20 mol % of a chiral
cinchona-alkaloid-derived aminophosphine/Ag2O catalyst to
give products with high enantioselectivity.[14] Although a pio-
neering study has been made, the development of novel
catalyst systems with wide substrate tolerance and acceptable
catalytic activity for enantioselective reactions of a-isocya-
noacetates with ketimines still remains a major challenge. In
contrast, we recently reported the highly enantioselective
reaction of a-substituted-a-isocyanoacetates with aldimines
using bifunctional organocatalysts to give a-tetrasubstituted
chiral imidazolines with high enantioselectivity.[15] We also
reported novel cooperative catalysts derived from cinchona
alkaloid picolinamides and Lewis acids,[16] and the enantiose-
lective reaction of ketimines with various nucleophiles.[12c,l, 17]

We herein report the direct asymmetric Mannich-type
reaction of a-isocyanoacetates with various ketimines using
our original chiral catalysts derived from cinchona alkaloids
(Scheme 1).

The enantioselective reaction of the ketimine 1a with
methyl isocyanoacetate (2 ; 1.5 equiv) was carried out in the
presence of 10 mol% of the picolinamide ligands 3, derived
from cinchona alkaloids (Table 1). The reaction of 1a with 2
using N-picolynoyl-9-amino-9-deoxy-epi-cinchonine (3a)
gave anti-4a as a racemic compound in high yield (entry 1).
In contrast, the combined catalyst of 3a and Et2Zn gave syn-
4a in high yield with moderate diastereo- and enantioselec-
tivity (entry 2). The reaction using Cu(OAc)2 improved the
enantioselectivity of the product syn-4a albeit in low yield
(entry 3). The addition of Cs2CO3 was effective for promoting
the reaction (entry 4). After an optimization experiment for
Lewis acids, the reaction using 3a/Cu(OTf)2 afforded syn-4a
in high yield with high stereoselectivity (entries 5–7). To
improve the diastereoselectivity, we added the substituent at

Scheme 1. Asymmetric synthesis of a,b-diamino acids having a quater-
nary carbon center by using a Mannich-type reaction of a-isocyanoace-
tates with ketimines.
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the 4-position of the pyridine ring in the picolinamide ligand.
The diastereoselectivity was improved by using 4-substi-
tuented cinchona alkaloid picolinamide ligands, and as
a result the 4-trifluoromethyl group was the most suitable
substituent (entries 8–10). Finally, lowering the reaction
temperature to �20 8C provided syn-4a with high diastereo-
selectivity and excellent enantioselectivity (entry 11). The
catalyst loading of 3d/Cu(OTf)2 was successfully reduced to
5 mol% without loss of enantioselectivity (entry 12). The
enantiomer of syn-4a was obtained, by the reaction using 3e
derived from 9-amino-9-deoxy-epi-cinchonidine, in moderate
yield with good diastereo- and enantioselectivity (entry 13).[18]

Having established the reaction conditions, the Mannich-
type reaction of a series of ketimines (1 a–q) with 2 was
examined using 3d/Cu(OTf)2 and Cs2CO3 as the catalyst
(Table 2). Some imidazoline products showed low thermal
stability, therefore the diphenylphosphinoyl imidazolines 4
were converted into the corresponding tosyl imidazolines 5 in
two steps. The yields in Table 2 are those for the isolated syn-
isomer of 5 after the three-step reaction sequence. The
reaction of the ketimines 1b,c bearing electron-donating
groups such as methyl or methoxy groups in the para position
gave the corresponding products 5b,c in moderate yield with

good diastereoselectivity and excellent enantioselectivity
(entries 2 and 3). The reaction of the electron-deficient
ketimines 1d–i, having fluoro, chloro, bromo, or nitro
groups, were tolerated under these reaction conditions and
gave the corresponding products 5d–i with good stereoselec-
tivity (entries 4–9). The ketimines 1j–m, having 2-naphthyl or
a heteroaryl group such as 2- or 3-thienyl, and 2-furyl groups,
also afforded the corresponding products 5j–m in 45–59%
yield with 93–98 ee (entries 10–13). These reaction conditions
were also applicable to the more sterically hindered ketimines
1n,o derived from propiophenone and 1-indanone, respec-
tively, to give 5n,o (entries 14 and 15). In contrast, ketimines
derived from dialkyl ketones (1p,q) were also tolerated under
the reaction conditions, and the products 5p,q were obtained
in excellent yield with good diastereoselectivity and high
enantioselectivity (entries 16 and 17). These results are the
first example for syn-selective enantioselective reaction of
ketimines with a-isocyanides.

Table 1: Asymmetric Mannich-type reaction of 2 with the ketimines 1a
using various chiral ligands and metal species.[a]

Entry Metal
species

3 t
[h]

Conv.
[%][b]

syn/anti[b] ee
[%][c]

1 – 3a 6 87 14:86 0
2[d] Et2Zn 3a 12 95 78:22 82
3[e] Cu(OAc)2 3a 18 30 78:22 93
4 Cu(OAc)2 3a 3 100 55:45 24
5 Cu(OTf)2 3a 1.5 100 78:22 98
6 Zn(OTf)2 3a 18 29 73:27 78
7 Ni(OTf)2 3a 18 100 94:6 21
8 Cu(OTf)2 3b 2 100 82:18 98
9 Cu(OTf)2 3c 2 100 84:16 99
10 Cu(OTf)2 3d 1.5 100 91:9 98
11[f ] Cu(OTf)2 3d 7 100 92:8 99
12[f,g] Cu(OTf)2 3d 15 100 90:10 99
13[f ] Cu(OTf)2 3e 60 57 77:23 97[h]

[a] Reaction conditions: ketimine 1a (0.1 mmol), 2 (1.5 equiv), metal
species (10 mol%), 3 (10 mol%), Cs2CO3 (20 mol%), and 5 � M.S.
(20 mg) in THF (0.1m). [b] Conversion and diastereomeric ratio were
determined by NMR analysis of the crude reaction mixtures. [c] The
ee value (for major diastereomer, syn) was determined by HPLC analysis
using a chiral stationary phase. [d] Without Cs2CO3 and 5 � M.S.
[e] Without Cs2CO3. [f ] At �20 8C. [g] Used 5 mol% of 3d/Cu(OTf)2 and
10 mol% of Cs2CO3. [h] Enantiomer was obtained. M.S.= molecular
sieves, Tf = trifluoromethanesulfonyl, THF = tetrahydrofuran.

Table 2: Mannich-type reaction of 2 with the ketimines 1a–q using 3d/
Cu(OTf)2.

[a]

Entry 1 5 t
[h]

Yield
[%][b]

syn/anti[c] ee
[%][d]

1 1a 5a 5 62 92:8 99
2 1b 5b 48 48 88:12 99
3 1c 5c 12 68 88:12 98
4 1d 5d 24 55 86:14 99
5 1e 5e 12 47 86:14 96
6 1 f 5 f 4 62 83:17 96
7 1g 5g 10 62 83:17 98
8 1h 5h 4 46 81:19 95
9 1 i 5 i 3 51 86:14 97
10[e] 1 j 5 j 24 59 84:16 99
11 1k 5k 8 45 83:17 99
12 1 l 5 l 8 55 88:12 98
13 1m 5m 12 52 92:8 93
14 1n 5n 7 67 89:11 91
15[f ] 1o 5o 24 44 91:9 98
16 1p 5p 12 54[g] 28:72 93 (72)
17 1q 5q 18 78[g] 40:60 95 (89)

[a] Reaction conditions: ketimine 1 (0.1 mmol), 2 (1.5 equiv), Cu(OTf)2

(10 mol%), 3d (10 mol%), and Cs2CO3 (20 mol%) in THF were used.
Reaction conditions for conversion of 4 into 5 : a) 4M HCl/ 1,4-dioxane,
b) TsCl, Et3N. [b] Yield is that of the isolated syn-5 after three steps.
[c] The diastereomeric ratio was determined by NMR spectra of the crude
reaction mixture of 4. [d] The ee value for the syn-5. The ee value for anti-5
is provided within parentheses. [e] At �30 8C. [f ] In THF and CH2Cl2
(1:1). [g] Yield for the isolated syn and anti isomer. Ts = 4-toluenesulfonyl.
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We also examined that the reaction of 1 a with methyl 2-
isocyanopropanoate (6) to give the imidazoline 7, having
consecutive tetrasubstituted carbon stereocenters, with mod-
erate enantioselectivity (Scheme 2).

We next examined the transformation of the product into
an a,b-diamino acid (Scheme 3). The product 5a was hydro-
lyzed under acidic conditions to give the a,b-diamino acid
derivative 8 in quantitative yield. In contrast, hydrolysis of the
imidazoline 9 using 6m hydrogen chloride gave the corre-
sponding N-formyl-N’-tosyl-a,b-diamino acid derivative 10 in
84% yield. The absolute configuration of 10 was assigned as
(2R,3R) by X-ray crystallographic analysis (see the Support-
ing Information).

The proposed catalytic cycle for the Mannich-type
reaction of 1a with 2 is shown in Scheme 4. The picolinamide
ligand 3d reacts with Cu(OTf)2 and Cs2CO3 to afford the
complex A, which includes the ketene hemiacetal of 2.[19]

After the coordination of the ketimine to A, the C�C bond-
formation reaction between 2 and the ketimine proceeds
within the coordination sphere of copper(II) to give the
Mannich-type reaction product (complex C). The intramo-
lecular imidazoline formation reaction of complex C and the
ligand exchange reaction between complex D and 2 gives the
product (4R,5R)-4a and A. To clarify the assumed reaction
mechanism, we investigated the ESI-Mass spectra for the
reaction mixture of 2, 3d, Cu(OTf)2, and Et3N. The complex
A could be observed in this reaction mixture (cation mode,
calcd for C30H29N5O3F3Cu as complex A-OTf� : 627.1519,
found: 627.1525), thus supporting our proposed reaction
mechanism.

From the above consideration and absolute stereochem-
istry of the product, the assumed transition state for the
Mannich-type reaction of 1a with 2 is shown in Figure 1. Two
nitrogen atoms from 3d, one oxygen from ketimine, and
isonitrile coordinate to copper (II) in a square-planar manner,
and the a-isocyanoacetate attacks the ketimine within the
coordination sphere of the copper cation. The Re-face of a-
isocyanoacetate approaches the Si-face of ketamine, thus
avoiding the steric repulsion for the diphenylphosphinoyl
group. Further studies are required to fully elucidate the
mechanistic detail of the reaction.

In conclusion, we developed the syn-selective enantiose-
lective reaction of ketimines with a-isocyanoacetates. The
asymmetric imidazoline formation was screened for a broad
range of ketimines and a-isocyanoacetates. This process
offers an efficient route for the synthesis of a,b-diamino
acids. Products containing contiguous tetra- and trisubstituted
stereocenters were produced with high diastereo- and enan-
tioselectivity. The obtained imidazolines can be converted
into a,b-diamino acids without the loss of enantiopurity. This
process provides stereodivergent access to optically active
a,b-diamino acids with tetrasubstituted carbon stereocenters.
Additional studies are in progress to study the potential of
these catalytic systems to other processes.

Received: April 24, 2014
Published online: July 1, 2014

.Keywords: alkaloids · asymmetric synthesis · copper ·
Lewis acid · organocatalysis

Scheme 4. Assumed reaction mechanism for the enantioselective
reaction of the ketimine 1a with a-isocyanoacetate (2).

Figure 1. Proposed transition state of the reaction of ketimine 1a with
a-isocyanoacetate (2) using 3d. Hydrogen atoms have been omitted
for clarity.

Scheme 2. Asymmetric synthesis of imidazoline having two consecu-
tive tetrasubstituted carbon stereocenters by using a Mannich-type
reaction of methyl 2-isocyanopropanoate with the ketimine 1a.

Scheme 3. Transformation of 4a and 5a into the chiral a,b-diamino
acids 6 and 8, respectively. Ns =nosyl.

Angewandte
Chemie

8413Angew. Chem. Int. Ed. 2014, 53, 8411 –8415 � 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://www.angewandte.org


[1] For reviews, see: a) A. Viso, R. F. de La Pradilla, A. Garc�a, A.
Flores, Chem. Rev. 2005, 105, 3167 – 3196; b) A. Viso, R. F.
de La Pradilla, M. Tortosa, A. Garc�a, A. Flores, Chem. Rev.
2011, 111, PR1 – PR42, and references therein.

[2] J.-C. Kizirian, Chem. Rev. 2008, 108, 140 – 205.
[3] For a review, see: a) R. G. Array�s, J. C. Carretero, Chem. Soc.

Rev. 2009, 38, 1940 – 1948, and references therein; b) E. Mar-
qu�s-L�pez, P. Merino, T. Tejero, R. P. Herrera, Eur. J. Org.
Chem. 2009, 2401 – 2420; c) A.-N. R. Alba, R. Rios, Chem. Asian
J. 2011, 6, 720 – 734; For the reaction of glycine Schiff base, see:
d) D. Shang, Y. Liu, X. Zhou, X. Liu, X. Feng, Chem. Eur. J.
2009, 15, 3678 – 3681; e) Q.-A. Chen, W. Zeng, D.-W. Wang, Y.-
G. Zhou, Synlett 2009, 2236 – 2241; f) J. Hern�ndez-Toribio,
R. G. Array�s, J. C. Carretero, Chem. Eur. J. 2010, 16, 1153 –
1157; g) H. Zhang, S. Syed, C. F. Barbas III, Org. Lett. 2010, 12,
708 – 711; h) G. Liang, M.-C. Tong, H. Tao, C.-J. Wang, Adv.
Synth. Catal. 2010, 352, 1851 – 1855; i) H. Xie, J. Zhu, Z. Chen, S.
Li, Y. Wu, J. Org. Chem. 2010, 75, 7468 – 7471; j) K. Imae, K.
Shimizu, K. Ogata, S. Fukuzawa, J. Org. Chem. 2011, 76, 3604 –
3608; k) T. Arai, A. Mishiro, E. Matsumura, A. Awata, M.
Shirasugi, Chem. Eur. J. 2012, 18, 11219 – 11222; l) Y. Yamashita,
S. Yoshimoto, K. Masuda, S. Kobayashi, Asian J. Org. Chem.
2012, 1, 327 – 330; m) E. Hernando, R. G. Array�s, J. C. Carre-
tero, Chem. Commun. 2012, 48, 9622 – 9624; n) Q.-H. Li, L. Wei,
X. Chen, C.-J. Wang, Chem. Commun. 2013, 49, 6277 – 6279;
o) J. S. Bandar, T. H. Lambert, J. Am. Chem. Soc. 2013, 135,
11799 – 11802; For the reaction of a-nitroacetates, see also: p) A.
Puglisi, L. Raimondi, M. Benaglia, M. Bonsignore, S. Rossi,
Tetrahedron Lett. 2009, 50, 4340 – 4342; For the reaction of a-
isothiocyanoacetates, see: q) Z. Shi, P. Yu, P. J. Chua, G. Zhong,
Adv. Synth. Catal. 2009, 351, 2797 – 2800; r) L. Li, M. Ganesh, D.
Seidel, J. Am. Chem. Soc. 2009, 131, 11648 – 11649; For the
reaction of azlactones, see: s) D. Uraguchi, K. Koshimoto, T.
Ooi, Chem. Commun. 2010, 46, 300 – 302; t) X. Liu, L. Deng, X.
Jiang, W. Yan, C. Liu, R. Wang, Org. Lett. 2010, 12, 876 – 879;
u) A. D. Melhado, G. W. Amarante, Z. J. Wang, M. Luparia,
F. D. Toste, J. Am. Chem. Soc. 2011, 133, 3517 – 3527; v) C. K.
De, N. Mittal, D. Seidel, J. Am. Chem. Soc. 2011, 133, 16802 –
16805; w) S.-H. Shi, F.-P. Huang, P. Zhu, Z.-W. Dong, X.-P. Hui,
Org. Lett. 2012, 14, 2010 – 2013; x) W.-Q. Zhang, L.-F. Cheng, J.
Yu, L.-Z. Gong, Angew. Chem. 2012, 124, 4161 – 4164; Angew.
Chem. Int. Ed. 2012, 51, 4085 – 4088.

[4] For reviews on enantioselective reactions of isocyanides, see:
a) A. V. Gulevich, A. G. Zhdanko, R. V. A. Orru, V. G. Nenaj-
denko, Chem. Rev. 2010, 110, 5235 – 5331; b) S. S. van Berkel,
B. G. M. Bçgels, M. A. Wijdeven, B. Westermann, F. P. J. T.
Rutjes, Eur. J. Org. Chem. 2012, 3543 – 3559.

[5] For a review on imidazolines, see: H. Liu, D.-M. Du, Adv. Synth.
Catal. 2009, 351, 489 – 519, and references therein.

[6] For biological active imidazoline compounds, see: a) C. Bet-
schart, L. S. Hegedus, J. Am. Chem. Soc. 1992, 114, 5010 – 5017;
b) F. Rondu, G. L. Bihan, J.-J. Godfroid, J. Med. Chem. 1997, 40,
3793 – 3803; c) Y. Hsiao, L. S. Hegedus, J. Org. Chem. 1997, 62,
3586 – 3591; d) A. Czarna, B. Beck, S. Srivastava, G. M. Popo-
wicz, S. Wolf, Y. Huang, M. Bista, T. A. Holak, A. Dçmling,
Angew. Chem. 2010, 122, 5480 – 5484; Angew. Chem. Int. Ed.
2010, 49, 5352 – 5356.

[7] For enantioselective reactions of imines with isocyanides, see:
a) X.-T. Zhou, Y.-R. Lin, L.-X. Dai, J. Sun, L.-J. Xia, M.-H. Tang,
J. Org. Chem. 1999, 64, 1331 – 1334; b) X.-T. Zhou, Y.-R. Lin, L.-
X. Dai, Tetrahedron: Asymmetry 1999, 10, 855 – 862; c) L.-X.
Dai, Y.-R. Lin, X.-L. Hou, Y.-G. Zhou, Pure Appl. Chem. 1999,
71, 1033 – 1040; d) J. Aydin, A. Ryd�n, K. J. Szab�, Tetrahedron:
Asymmetry 2008, 19, 1867 – 1870; e) Z.-W. Zhang, G. Lu, M.-M.
Chen, N. Lin, Y.-B. Li, T. Hayashi, A. S. C. Chan, Tetrahedron:
Asymmetry 2010, 21, 1715 – 1721; For organocatalytic enantio-

selective reactions of imines with isocyanides giving 5-amino-
oxazoles, see: f) T. Yue, M.-X. Wang, D.-X. Wang, G. Masson, J.
Zhu, Angew. Chem. 2009, 121, 6845 – 6849; Angew. Chem. Int.
Ed. 2009, 48, 6717 – 6721.

[8] For enantioselective reactions of aldehydes with isocyanides
using chiral metal catalysts, see: a) Y. Ito, M. Sawamura, T.
Hayashi, J. Am. Chem. Soc. 1986, 108, 6405 – 6406; b) Y. Ito, M.
Sawamura, T. Hayashi, Tetrahedron Lett. 1987, 28, 6215 – 6218;
c) S. D. Pastor, A. Togni, J. Am. Chem. Soc. 1989, 111, 2333 –
2334; d) T. Hayashi, Y. Uozumi, A. Yamazaki, M. Sawamura, H.
Hamashima, Y. Ito, Tetrahedron Lett. 1991, 32, 2799 – 2802; e) T.
Hayashi, M. Sawamura, Y. Ito, Tetrahedron 1992, 48, 1999 –
2012; f) V. A. Soloshonok, A. D. Kacharov, T. Hayashi, Tetrahe-
dron 1996, 52, 245 – 254; g) M. A. Stark, C. J. Richards, Tetrahe-
dron Lett. 1997, 38, 5881 – 5884; h) J. M. Longmire, X. Zhang, M.
Shang, Organometallics 1998, 17, 4374 – 4379; i) Y. Motoyama,
K. Shimozono, K. Aoki, H. Nishiyama, Organometallics 2002,
21, 1684 – 1696; j) Y. Motoyama, H. Kawakami, K. Shimozono,
K. Aoki, H. Nishiyama, Organometallics 2002, 21, 3408 – 3416;
k) S. Gosiewska, M. H. in�t Veld, J. J. M. de Pater, P. C. A.
Bruijnincx, M. Lutz, A. L. Spek, G. van Koten, R. J. M. K.
Gebbink, Tetrahedron: Asymmetry 2006, 17, 674 – 686; l) M. S.
Yoon, R. Ramesh, J. Kim, D. Ryu, K. H. Ahn, J. Organomet.
Chem. 2006, 691, 5927 – 5934; m) S. Wang, M.-X. Wang, D.-X.
Wang, J. Zhu, Eur. J. Org. Chem. 2007, 4076 – 4080; n) S.-X.
Wang, M.-X. Wang, D.-X. Wang, J. Zhu, Org. Lett. 2007, 9, 3615 –
3618; o) S. Gosiewska, S. M. Herreras, M. Lutz, A. L. Spek,
R. W. A. Havenith, G. P. M. van Klink, G. van Koten, R. J. M. K.
Gebbink, Organometallics 2008, 27, 2549 – 2559; p) S.-X. Wang,
M.-X. Wang, D.-X. Wang, J. Zhu, Angew. Chem. 2008, 120, 394 –
397; Angew. Chem. Int. Ed. 2008, 47, 388 – 391; q) T. Yue, M.-X.
Wang, D.-X. Wang, J. Zhu, Angew. Chem. 2008, 120, 9596 – 9599;
Angew. Chem. Int. Ed. 2008, 47, 9454 – 9457; r) H. Mihara, Y. Xu,
N. E. Shepherd, S. Matsunaga, M. Shibasaki, J. Am. Chem. Soc.
2009, 131, 8384 – 8385; s) H. Y. Kim, K. Oh, Org. Lett. 2011, 13,
1306 – 1309; t) F. Sladojevich, A. Trabocchi, A. Guarna, D. J.
Dixon, J. Am. Chem. Soc. 2011, 133, 1710 – 1713; For organo-
catalytic enantioselective reactions of aldehydes with isocya-
nides, see: u) M.-X. Xue, C. Guo, L.-Z. Gong, Synlett 2009,
2191 – 2197; v) X. Zeng, K. Ye, M. Lu, P. J. Chua, B. Tan, G.
Zhong, Org. Lett. 2010, 12, 2414 – 2417; w) T. Yue, M.-X. Wang,
D.-X. Wang, G. Masson, J. Zhu, J. Org. Chem. 2009, 74, 8396 –
8399; For organocatalytic enantioselective reactions of ketones
with isocyanides, see: x) M.-X. Zhao, H. Zhou, W.-H. Tang, W.-S.
Qu, M. Shi, Adv. Synth. Catal. 2013, 355, 1277 – 1283.

[9] For organocatalytic enantioselective reactions of azodicarbox-
ylates with isocyanides, see: a) D. Monge, K. L. Jensen, I. Mar�n,
K. A. Jørgensen, Org. Lett. 2011, 13, 328 – 331; b) M.-X. Zhao,
H.-L. Bi, H. Zhou, H. Yang, M. Shi, J. Org. Chem. 2013, 78,
9377 – 9382.

[10] For enantioselective reactions of a,b-unsaturated carbonyl
compounds with isocyanides using chiral metal catalysts, see:
a) J. Song, C. Guo, P.-H. Chen, J. Yu, S.-W. Luo, L.-Z. Gong,
Chem. Eur. J. 2011, 17, 7786 – 7790; b) S. Padilla, J. Adrio, J. C.
Carretero, J. Org. Chem. 2012, 77, 4161 – 4166; For organo-
catalytic enantioselective reactions of a,b-unsaturated carbonyl
compounds with isocyanides, see: c) C. Arr�niz, A. Gil-Gon-
z�lez, V. Semak, C. Escolano, J. Bosch, M. Amat, Eur. J. Org.
Chem. 2011, 3755 – 3760; d) J.-F. Bai, L.-L. Wang, L. Peng, Y.-L.
Guo, L.-N. Jia, F. Tian, G.-Y. He, X.-Y. Xu, L.-X. Wang, J. Org.
Chem. 2012, 77, 2947 – 2953; e) L.-L. Wang, J.-F. Bai, L. Peng, L.-
W. Qi, L.-N. Jia, Y.-L. Guo, X.-Y. Luo, X.-Y. Xu, L.-X. Wang,
Chem. Commun. 2012, 48, 5175 – 5177; f) M.-X. Zhao, D.-K.
Wei, F.-H. Ji, X.-L. Zhao, M. Shi, Chem. Asian J. 2012, 7, 2777 –
2781.

[11] For organocatalytic enantioselective reaction of nitroolefins with
isocyanides, see: C. Guo, M.-X. Xue, M.-K. Zhu, L.-Z. Gong,

.Angewandte
Communications

8414 www.angewandte.org � 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2014, 53, 8411 –8415

http://dx.doi.org/10.1021/cr0406561
http://dx.doi.org/10.1021/cr100127y
http://dx.doi.org/10.1021/cr100127y
http://dx.doi.org/10.1021/cr040107v
http://dx.doi.org/10.1039/b820303b
http://dx.doi.org/10.1039/b820303b
http://dx.doi.org/10.1002/ejoc.200801097
http://dx.doi.org/10.1002/ejoc.200801097
http://dx.doi.org/10.1002/asia.201000636
http://dx.doi.org/10.1002/asia.201000636
http://dx.doi.org/10.1002/chem.200900118
http://dx.doi.org/10.1002/chem.200900118
http://dx.doi.org/10.1002/chem.200902258
http://dx.doi.org/10.1002/chem.200902258
http://dx.doi.org/10.1021/ol902722y
http://dx.doi.org/10.1021/ol902722y
http://dx.doi.org/10.1002/adsc.201000252
http://dx.doi.org/10.1002/adsc.201000252
http://dx.doi.org/10.1021/jo101447n
http://dx.doi.org/10.1021/jo2003727
http://dx.doi.org/10.1021/jo2003727
http://dx.doi.org/10.1002/chem.201201537
http://dx.doi.org/10.1002/ajoc.201200092
http://dx.doi.org/10.1002/ajoc.201200092
http://dx.doi.org/10.1039/c2cc35160a
http://dx.doi.org/10.1039/c3cc43025a
http://dx.doi.org/10.1021/ja407277a
http://dx.doi.org/10.1021/ja407277a
http://dx.doi.org/10.1016/j.tetlet.2009.05.036
http://dx.doi.org/10.1002/adsc.200900580
http://dx.doi.org/10.1021/ja9034494
http://dx.doi.org/10.1039/b916627k
http://dx.doi.org/10.1021/ol902916s
http://dx.doi.org/10.1021/ja1095045
http://dx.doi.org/10.1021/ja208156z
http://dx.doi.org/10.1021/ja208156z
http://dx.doi.org/10.1021/ol300510b
http://dx.doi.org/10.1002/ange.201107741
http://dx.doi.org/10.1002/anie.201107741
http://dx.doi.org/10.1002/anie.201107741
http://dx.doi.org/10.1021/cr900411f
http://dx.doi.org/10.1002/ejoc.201200030
http://dx.doi.org/10.1002/adsc.200800797
http://dx.doi.org/10.1002/adsc.200800797
http://dx.doi.org/10.1021/ja00039a010
http://dx.doi.org/10.1021/jm9608624
http://dx.doi.org/10.1021/jm9608624
http://dx.doi.org/10.1021/jo962343e
http://dx.doi.org/10.1021/jo962343e
http://dx.doi.org/10.1002/ange.201001343
http://dx.doi.org/10.1002/anie.201001343
http://dx.doi.org/10.1002/anie.201001343
http://dx.doi.org/10.1021/jo980949s
http://dx.doi.org/10.1016/S0957-4166(99)00052-X
http://dx.doi.org/10.1351/pac199971061033
http://dx.doi.org/10.1351/pac199971061033
http://dx.doi.org/10.1016/j.tetasy.2008.07.027
http://dx.doi.org/10.1016/j.tetasy.2008.07.027
http://dx.doi.org/10.1016/j.tetasy.2010.04.029
http://dx.doi.org/10.1016/j.tetasy.2010.04.029
http://dx.doi.org/10.1002/ange.200902385
http://dx.doi.org/10.1002/anie.200902385
http://dx.doi.org/10.1002/anie.200902385
http://dx.doi.org/10.1021/ja00280a056
http://dx.doi.org/10.1016/S0040-4039(00)61850-6
http://dx.doi.org/10.1021/ja00188a075
http://dx.doi.org/10.1021/ja00188a075
http://dx.doi.org/10.1016/0040-4039(91)85090-R
http://dx.doi.org/10.1016/S0040-4020(01)88870-0
http://dx.doi.org/10.1016/S0040-4020(01)88870-0
http://dx.doi.org/10.1016/0040-4020(95)00893-D
http://dx.doi.org/10.1016/0040-4020(95)00893-D
http://dx.doi.org/10.1016/S0040-4039(97)01309-9
http://dx.doi.org/10.1016/S0040-4039(97)01309-9
http://dx.doi.org/10.1021/om980461h
http://dx.doi.org/10.1021/om011011j
http://dx.doi.org/10.1021/om011011j
http://dx.doi.org/10.1021/om020274q
http://dx.doi.org/10.1016/j.tetasy.2005.12.040
http://dx.doi.org/10.1016/j.jorganchem.2006.09.055
http://dx.doi.org/10.1016/j.jorganchem.2006.09.055
http://dx.doi.org/10.1002/ejoc.200700340
http://dx.doi.org/10.1021/ol7014658
http://dx.doi.org/10.1021/ol7014658
http://dx.doi.org/10.1021/om701261q
http://dx.doi.org/10.1002/anie.200704315
http://dx.doi.org/10.1002/ange.200804213
http://dx.doi.org/10.1002/anie.200804213
http://dx.doi.org/10.1021/ja903158x
http://dx.doi.org/10.1021/ja903158x
http://dx.doi.org/10.1021/ol103104y
http://dx.doi.org/10.1021/ol103104y
http://dx.doi.org/10.1021/ja110534g
http://dx.doi.org/10.1021/ol1007789
http://dx.doi.org/10.1021/jo9017765
http://dx.doi.org/10.1021/jo9017765
http://dx.doi.org/10.1002/adsc.201300077
http://dx.doi.org/10.1021/ol102812c
http://dx.doi.org/10.1021/jo401585v
http://dx.doi.org/10.1021/jo401585v
http://dx.doi.org/10.1002/chem.201100636
http://dx.doi.org/10.1021/jo3003425
http://dx.doi.org/10.1002/ejoc.201100409
http://dx.doi.org/10.1002/ejoc.201100409
http://dx.doi.org/10.1021/jo2025288
http://dx.doi.org/10.1021/jo2025288
http://dx.doi.org/10.1039/c2cc30746d
http://dx.doi.org/10.1002/asia.201200686
http://dx.doi.org/10.1002/asia.201200686
http://www.angewandte.org


Angew. Chem. 2008, 120, 3462 – 3465; Angew. Chem. Int. Ed.
2008, 47, 3414 – 3417.

[12] For direct catalytic enantioselective Mannich-type reaction with
ketimines, see: a) W. Zhuang, S. Saaby, K. A. Jørgensen, Angew.
Chem. 2004, 116, 4576 – 4578; Angew. Chem. Int. Ed. 2004, 43,
4476 – 4478; b) V. A. Sukach, N. M. Golovach, V. V. Pirozhenko,
E. B. Rusanov, M. V. Vovk, Tetrahedron: Asymmetry 2008, 19,
761 – 764; c) N. Hara, R. Tamura, Y. Funahashi, S. Nakamura,
Org. Lett. 2011, 13, 1662 – 1665; d) B. Jiang, J. J. Dong, Y. G. Si,
X. L. Zhao, Z. G. Huang, M. Xu, Adv. Synth. Catal. 2008, 350,
1360 – 1366; e) W. Yan, D. Wang, J. Feng, P. Li, D. Zhao, R.
Wang, Org. Lett. 2012, 14, 2512 – 2515; f) T. Kano, S. Song, Y.
Kubota, K. Maruoka, Angew. Chem. 2012, 124, 1217 – 1220;
Angew. Chem. Int. Ed. 2012, 51, 1191 – 1194; g) M. Rueping, R.
Rasappan, S. Raja, Helv. Chim. Acta 2012, 95, 2296 – 2303; For
the catalytic enantioselective Mannich-type reaction with keti-
mines, see: h) S. Saaby, K. Nakama, M. A. Lie, R. G. Hazell,
K. A. Jørgensen, Chem. Eur. J. 2003, 9, 6145 – 6154; i) Y. Suto, M.
Kanai, M. Shibasaki, J. Am. Chem. Soc. 2007, 129, 500 – 501; j) C.
Baudequin, A. Zamfir, S. B. Tsogoeva, Chem. Commun. 2008,
4637 – 4639; k) N. Hara, S. Nakamura, M. Sano, R. Tamura, Y.
Funahashi, N. Shibata, Chem. Eur. J. 2012, 18, 9276 – 9280; l) H.-
N. Yuan, S. Wang, J. Nie, W. Meng, Q. Yao, J.-A. Ma, Angew.
Chem. 2013, 125, 3961 – 3965; Angew. Chem. Int. Ed. 2013, 52,
3869 – 3873; m) Y. Du, L.-W. Xu, Y. Shimizu, K. Oisaki, M.
Kanai, M. Shibasaki, J. Am. Chem. Soc. 2008, 130, 16146 – 16147.

[13] G. Lu, T. Yoshino, H. Morimoto, S. Matsunaga, M. Shibasaki,
Angew. Chem. 2011, 123, 4474 – 4477; Angew. Chem. Int. Ed.
2011, 50, 4382 – 4385.

[14] a) I. Ort�n, D. J. Dixon, Angew. Chem. 2014, 126, 3530 – 3533;
Angew. Chem. Int. Ed. 2014, 53, 3462 – 3465; After submission of
this manuscript, Zhao and co-workers reported an example for
the enantioselective reaction of isocyanide with ketimines to
give a product with 37% ee. See: b) P.-L. Shao, J.-Y. Liao, Y. A.
Ho, Y. Zhao, Angew. Chem. 2014, 126, 5539 – 5543; Angew.
Chem. Int. Ed. 2014, 53, 5435 – 5439.

[15] a) S. Nakamura, Y. Maeno, M. Ohara, A. Yamamura, Y.
Funahashi, N. Shibata, Org. Lett. 2012, 14, 2960 – 2963; For
related recent studies from our group, see: b) S. Nakamura, N.
Shibata, T. Toru, J. Synth. Org. Chem. Jpn. 2010, 68, 1017 – 1027;
c) S. Nakamura, H. Nakashima, H. Sugimoto, H. Sano, M.
Hattori, N. Shibata, T. Toru, Chem. Eur. J. 2008, 14, 2145 – 2152.

[16] a) M. Hayashi, N. Shiomi, Y. Funahashi, S. Nakamura, J. Am.
Chem. Soc. 2012, 134, 19366 – 19369; b) M. Hayashi, M. Sano, Y.
Funahashi, S. Nakamura, Angew. Chem. 2013, 125, 5667 – 5670;
Angew. Chem. Int. Ed. 2013, 52, 5557 – 5560.

[17] a) S. Nakamura, M. Hayashi, Y. Hiramatsu, N. Shibata, Y.
Funahashi, T. Toru, J. Am. Chem. Soc. 2009, 131, 18240 – 18241;
b) S. Nakamura, K. Hyodo, M. Nakamura, D. Nakane, H.
Masuda, Chem. Eur. J. 2013, 19, 7304 – 7309.

[18] We also examined the reaction using various bases and solvents
with various substituted a-isocyanoacetates; see the Supporting
Information.

[19] The addition of isocyanoacetate to the reaction mixture changes
the color of the reaction mixture from a clear solution to a deep
violet solution. This color change implies the formation of
isonitrile/CuII complexes. See the Supporting Information.

Angewandte
Chemie

8415Angew. Chem. Int. Ed. 2014, 53, 8411 –8415 � 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://dx.doi.org/10.1002/ange.200800003
http://dx.doi.org/10.1002/anie.200800003
http://dx.doi.org/10.1002/anie.200800003
http://dx.doi.org/10.1002/ange.200460158
http://dx.doi.org/10.1002/ange.200460158
http://dx.doi.org/10.1002/anie.200460158
http://dx.doi.org/10.1002/anie.200460158
http://dx.doi.org/10.1016/j.tetasy.2008.02.023
http://dx.doi.org/10.1016/j.tetasy.2008.02.023
http://dx.doi.org/10.1021/ol2001039
http://dx.doi.org/10.1002/adsc.200800039
http://dx.doi.org/10.1002/adsc.200800039
http://dx.doi.org/10.1021/ol3007953
http://dx.doi.org/10.1002/ange.201107375
http://dx.doi.org/10.1002/anie.201107375
http://dx.doi.org/10.1002/hlca.201200498
http://dx.doi.org/10.1002/chem.200305302
http://dx.doi.org/10.1021/ja068226a
http://dx.doi.org/10.1039/b804477e
http://dx.doi.org/10.1039/b804477e
http://dx.doi.org/10.1002/chem.201200367
http://dx.doi.org/10.1002/ange.201210361
http://dx.doi.org/10.1002/ange.201210361
http://dx.doi.org/10.1002/anie.201210361
http://dx.doi.org/10.1002/anie.201210361
http://dx.doi.org/10.1021/ja8069727
http://dx.doi.org/10.1002/ange.201101034
http://dx.doi.org/10.1002/anie.201101034
http://dx.doi.org/10.1002/anie.201101034
http://dx.doi.org/10.1002/ange.201309719
http://dx.doi.org/10.1002/anie.201309719
http://dx.doi.org/10.1002/ange.201402788
http://dx.doi.org/10.1002/anie.201402788
http://dx.doi.org/10.1002/anie.201402788
http://dx.doi.org/10.1021/ol301256q
http://dx.doi.org/10.5059/yukigoseikyokaishi.68.1017
http://dx.doi.org/10.1002/chem.200701425
http://dx.doi.org/10.1021/ja309963w
http://dx.doi.org/10.1021/ja309963w
http://dx.doi.org/10.1002/ange.201301917
http://dx.doi.org/10.1002/anie.201301917
http://dx.doi.org/10.1021/ja908940e
http://dx.doi.org/10.1002/chem.201300685
http://www.angewandte.org

